Aims Limited data are available regarding the ability of sacubitril/valsartan to provide clinically meaningful health-related quality of life (HRQoL) improvements among individuals with heart failure (HF). Objective measurement of physical activity and sleep using actigraphy can provide insight into daily functioning and HRQoL.
Introduction
Given the significant morbidity associated with heart failure (HF), researchers are focusing investigations on understanding both the symptom burden and the effect of treatments on health-related quality of life (HRQoL). Current HRQoL assessment, including the 6 min walk test (6MWT) and questionnaires, are reliable and well validated, and provide important prognostic information in HF. 1, 2 These approaches also give a validated and well-understood basis for evaluating HRQoL in HF. Although the design and validation of assessments for HRQoL generally consider and control for factors such as patient recall and reporting bias, these approaches remain single time-point assessments. The use of actigraphy by a wearable sensor objectively and continuously measures the frequency and intensity of activity and sleep in a patient's home environment and is not affected by recall and reporting bias. [3] [4] [5] Actigraphy may also be able to provide information, such as patterns of activity, that could identify responders and nonresponders to therapy and the time course of patient improvement. Additionally, a recent scientific statement from the American Heart Association advised that 'wearable activity monitoring devices and improved software and technology partnerships open opportunities for integrating objective physical activity data to improve the quality of care and health status of patients with cardiovascular disease risk'. 6 Sacubitril/valsartan is a first-in-class angiotensin receptor/neprilysin inhibitor (ARNI) therapy approved for the treatment of symptomatic HF with reduced ejection fraction (HFrEF). 7 In the Prospective Comparison of ARNI with ACEI to Determine Impact on Global Mortality and Morbidity in Heart Failure (PARADIGM-HF; NCT01035255) trial, treatment with sacubitril/valsartan reduced the risk of the composite outcome of CV death or first hospitalization for worsening HF than did enalapril (hazard ratio 0.80; 95% confidence interval 0.73-0.87; P < 0.001). 8 The cardiovascular and renal pharmacological effects of sacubitril/valsartan are attributed to the inhibition of the renin-angiotensin-aldosterone system by valsartan and neprilysin inhibition by sacubitril, which leads to increased concentrations of natriuretic peptides and subsequent natriuresis. 9 The potential for sacubitril/valsartan to reduce pulmonary congestion is suggested by findings of reduced N-terminal pro-B-type natriuretic peptide levels in patients hospitalized with acute decompensated HF from PIONEER-HF. 10 In theory, the decreased pulmonary congestion that results from the natriuretic effects of sacubitril/valsartan may improve sleep and reduce fatigue by improving wakeful activity. Reduction in congestion may also contribute to a reduction in sleep-disordered breathing. 11 Although sacubitril/valsartan slowed deterioration of HRQoL in PARADIGM-HF, the timing of baseline assessments after the run-in phase and use of subjective measures may have limited detection of clinically meaningful improvements. 12 Consequently, limited clinical trial data are available to support anecdotal reports of clinically meaningful improvements in HFrEF after initiating sacubitril/valsartan. 13 The Phase 4 AWAKE-HF trial (NCT02970669) will leverage digital medicine technology to provide insight and perspective on the early clinical experience with sacubitril/valsartan in a way that approximates the real-world setting. Continuous actigraphy will objectively assess outcomes in participants' usual home environment within 2 months of initiating therapy.
Methods

Design
The 18 week study will include a 2 week baseline observation phase (with participants continuing current HF drugs), followed by an 8 week blinded-treatment phase during which participants will be randomly assigned 1:1 to sacubitril/valsartan treatment or enalapril comparator, and finally an 8 week, open-label extension phase during which all participants will be treated with sacubitril/valsartan ( Figure 1) . Before start of the randomized, blinded-treatment phase, participants previously on an angiotensin-converting enzyme inhibitor (ACEI) will undergo a 36 h washout period. All participants will undergo another 36 h washout period before beginning the open-label extension phase. As the PARADIGM-HF trial demonstrated improved clinical outcomes for patients treated with sacubitril/valsartan compared with enalapril, an open-label extension was included in the AWAKE-HF study design to minimize exposure to sub-optimal guideline-directed HF therapy. The study will include eight weekly or biweekly office visits and five follow-up visits via telephone. This trial is registered at ClinicalTrials.gov: NCT02970669. The study protocol was approved by the relevant institutional committees on human research review, and all participants will be required to sign written informed consent before enrolling.
Population
The study population will consist of outpatient men and women who are 18 to 80 years of age, with HFrEF New York Heart Association (NYHA) Class II or III ( Table 1) .
Study treatment
Before randomization, a 2 week phase will occur to allow for device familiarization and baseline assessment completion. Data from the second week of this phase, the 'baseline phase' (Week À1), will be the baseline value for comparison with those of subsequent periods. Actigraphy data collected outside defined measurement periods will be excluded from analysis for defined study endpoints. Before randomization, site staff will evaluate the completeness of baseline actigraphy data, and participants without adequate baseline data will be asked to repeat the baseline period or will be excluded from the study.
The 36 h washout interval after randomization and before entering the open-label extension is consistent with US Food and Drug Administration-approved prescribing information to minimize the potential for angioedema when switching from an ACEI to an ARNI. 7 To maintain blinding, the 36 h washout interval was applied to both study arms. After the washout period, participants will be randomly assigned 1:1 to sacubitril/valsartan or enalapril. Treatment begins after randomization on Day 1, at Dose Level 1 ( Table S1 ).
Therapy will be up-titrated every 2 weeks, as clinically tolerated, to target Dose Level 3. The randomized comparison phase of 8 weeks provides direct assessment of initial and early changes associated with sacubitril/valsartan treatment Table 2) .
Every attempt should be made to maintain participants on the target study-drug dose level for as long as possible. If the investigator determines a participant is unable to tolerate the protocol-specified target dose, attempts should be made to rectify the situation by adjusting concomitant medications before reducing the dose of the study treatment to the next lower level (Table S1 ). Participants may restart current doses of study drug following an interruption of treatment, based on investigator judgement. All participants will enter the open-label treatment phase on sacubitril/valsartan at Dose Level 2, unless they completed the double-blind treatment epoch on Dose Level 1, in which case they will initiate sacubitril/valsartan at that level. Therapy will then be uptitrated in the same way as in the double-blind treatment phase.
If a participant's condition warrants any change in concomitant HF or CV medications, changes may be made at the investigator's discretion. At their discretion, the investigator may use and adjust oral diuretics throughout the study.
Assessments
To assess the effect of sacubitril/valsartan compared with enalapril on daytime activity, sleep, and HRQoL, we will employ actigraphy to assess activity and sleep, a home sleep test, and a patient-reported outcome assessment.
Activity assessments
Actigraphy has been validated and used successfully in prospective interventional studies, including studies in patients with HFrEF, to assess the impact of pharmacological treatment on physical activity during both sleep and wakefulness. 14, 15 In actigraphy, wearable digital sensors called accelerometers measure the accelerations of the device in motion along reference axes. Acceleration is proportional to external force and, therefore, can reflect intensity and frequency of physical activity. In our study, individuals will wear a wrist-worn activity monitor for 18 weeks. The primary endpoint is measured in each participant as the change from baseline (Week À1) to the end of the randomized phase (Week 8) in mean activity counts collected during the most active 30 min of the day using actigraphy. Secondary endpoints include change from baseline compared with the initiation of sacubitril/valsartan (Week 1), as well as the beginning and end of the open-label phase (Weeks 9 and 16) in mean activity counts during the most active 30 min of the day ( Table 3 ). Selection of the novel primary endpoint of this study was informed by previous studies. Peak activity for a 30 min duration by actigraphy is reported to discriminate between HF with or without anergia. 16 Missing data will be imputed using the last-observation-carried-forward method. If there is no post-baseline value, the missing value will not be imputed, and the patient will be removed from the analysis. If data are missing or unevaluable for the week preceding randomization, data from the previous week will be used as the baseline measurement. If data are missing or unevaluable for each of these weeks, the patient will be excluded.
The occurrence and degree of sensor motion will be captured in counts (0.000175 G-force per activity count) that are sampled at a rate of 32 Hz and recorded in 30 s epochs. Overall activity will be assessed by the measurement of counts per minute, and patterns of peak activity will be assessed by the measurement of the most active 30 min of each day. The primary endpoint will be a previously validated 16 assessment of the individual change in waking activity from baseline to the last week of randomized treatment, collected during the most active 30 min of each day. The most active periods are defined as the individual minutes of each day (not necessarily contiguous) with the highest activity counts. Change during the most active 6 min is an exploratory endpoint. Although not a formal endpoint, simple responder analysis will be performed to assess the number of subjects who achieved 5%, 10%, and 20% change in activity from baseline in each arm. Other measurements, such as total activity counts and daily minutes spent at levels of sedentary, low, moderate, and vigorous activity, will be reported. We will also be assessing the day-to-day intra-variability and inter-variability of activity for individual patients with HF. Activity will be stratified by other baseline characteristics, including age, sex, ischaemic cardiomyopathy status, ejection fraction, and other co-morbidities. We will compare actigraphy findings with patient-reported symptoms obtained from surveys. Finally, analyses stratified by apnoeahypopnea index at baseline will be conducted.
Physical activity will be measured by the Philips Actiwatch Spectrum (Philips Respironics, Boston, MA; Table  S2 ), a US Food and Drug Administration-approved Class 2 medical device (registration number 983533). Participants will be trained on the use of this lightweight actigraphy device during the first study visit. The device will be worn on participants' nondominant wrist continuously for the 18 week study duration, from the time of enrolment to the end of the open-label extension phase. The device has a battery life of~8 months if used continuously. 17 The device will be exchanged five times (at study visits) to guard against data loss and ensure adequate battery life. Data will be collected continuously, but only data collected during assessment periods will contribute to prospectively defined endpoints. Each actigraphy assessment period is seven contiguous days. This will allow for continuous actigraphy recording for each 7 day period and correlation with daily symptom assessments by e-diary and sleep questionnaires. • Paired t-tests will be used to analyse the change from baseline to each time point for each continuous variable o Baseline is defined as the mean of Week À1 (for the group randomized to sacubitril/valsartan) and the mean of Week 8 (for the group randomized to enalapril)
Exploratory objectives
During the randomized treatment phase: • Change in AHI between baseline and the randomized treatment • Paired t-tests will be used to analyse the change from baseline to each time point for each continuous variable ∘ Baseline is defined as the mean of Week À1 (for the group randomized to sacubitril/valsartan) and the mean of Week 8 (for the group randomized to enalapril) • The proportion of participants with improvement in sleep efficiency will be summarized by randomized treatment group at each time point • For the HFaST-II: ∘ ANCOVA model will be used to analyse the questions measured on a Likert scale ∘ Yes/no questions will be summarized by randomized treatment group • Sleep questionnaire data will be summarized by treatment group • Pearson's correlation coefficients will be calculated to examine the association between information from the sleep questionnaire and the actigraphy sleep data Analyses were conducted following the intent-to-treat principle for the full analysis set, defined as all patients except those who were not qualified for randomization and did not receive study drug but were inadvertently randomized into the study. AHI, apnoea-hypopnea index; ANCOVA, analysis of covariance; CI, confidence interval; HFaST-II, Heart Failure Symptom Tracker-II; KCCQ-23, Kansas City Cardiomyopathy Questionnaire-23; WASO, wake after sleep onset. a Missing data will be imputed using the last-observation-carried-forward method. Because the Actiwatch continues to record data right up to the time of an event (i.e. serious adverse event, hospitalizations, and death), any poor activity response related to such an event would be reflected in the last observation. ANCOVA model includes least squares means of the two treatment groups, least squares mean difference between the treatment groups, 95% CI for the difference in the two treatment groups, and P value based on the fitted linear model. 
Sleep assessments
The key secondary endpoint is the change in sleep activity from baseline to the last week of the randomized treatment phase. Sleep will be assessed using two methods: (i) employing actigraphy to measure sleep (defined as a lack of movement, <40 counts/min), including measures of sleep disruption (wake after sleep onset, defined as the number of minutes scored awake between sleep onset and end of the sleep period; Table S2 ) 18 and efficiency (defined as the percentage of sleep period during which subject is scored asleep) and (ii) performing a home sleep test to evaluate for sleep-disordered breathing. Although polysomnography (PSG) is considered the gold-standard assessment tool for the diagnosis of sleep apnoea, home sleep testing is a viable home-based assessment tool that has been increasingly utilized. 19 Portable monitors have been recommended as an alternative to PSG for assessment of sleep-disordered breathing in patients with high pretest probability of moderate-tosevere sleep apnoea. 19, 20 In this study, sleep-disordered breathing will be assessed using the portable sleep monitor AccuSom III (NovaSom, Inc., Glen Burnie, MD; Table S2 ) to measure arterial oxygen saturation, pulse rate, respiratory effort, and airflow wave form. The AccuSom III device is a 501kregistered medical device indicated for diagnostic evaluation of sleep apnoea that has been clinically validated and has been used in patients with HF. Tests will be administered on three nights of the participants' choice during the weeks preceding the first, third, and fifth actigraphy assessment periods. Data from the home sleep test will be transmitted to a central reader immediately upon completion of the test. On receipt, each test will be assessed for completeness, and participants who have fewer than 4 h of interpretable data will be asked to repeat the home sleep study for up to three nights to ensure capture of adequate data. Home sleep studies will not be taken during actigraphy assessment.
Participant-reported outcome assessments
Participant-reported outcomes will be assessed using the Kansas City Cardiomyopathy Questionnaire-23 (KCCQ-23), a validated, reliable, and responsive health-status measure for congestive HF that has served as a clinically meaningful outcome measurement tool in CV clinical research, patient management, and HRQoL assessment. 21 The KCCQ-23 questionnaire will be administered at the end of each study phase (baseline, treatment, and extension) via mobile application on either the patient's or a site-provisioned smartphone.
Two other participant-reported questionnaires will be employed in this study: (i) the Heart Failure Symptom Tracker-II (HFaST-II) and (ii) a short sleep questionnaire, which will be administered digitally at the end of each day during assessment Week À1, end of Week 7, and end of Week 15, via a mobile application-based e-diary, using either the participant's own smartphone or a site-provisioned smartphone. HFaST-II is a daily questionnaire regarding the participants' HF symptom severity and functional limitations (see Supporting Information). The sleep portion will include specific sleep-hygiene questions that are associated with measurements collected in the actigraphy portion of this study. These questions are designed to provide information that can be aligned with the sleep actigraphy data for contextual analysis.
Safety assessments
Safety assessments will consist of monitoring and recording of all adverse events and serious adverse events; evaluations of haematology, blood chemistry, and urine values; regular measurements of vital signs; and results of physical examinations. In addition, laboratory assessments will be routinely performed, and cases of angioedema will be reported and adjudicated by an independent committee.
Sample size
A total of 136 participants from 15 to 25 centres in the USA will be randomly assigned. The study is powered on the basis of data reported by Maurer et al., who also used a Philips activity tracker to demonstrate that participants with HF and clinical anergia recorded~4500 fewer activity counts than other participants with HF during the most active 30 min of the day (no anergia, 25 880 ± 8285 counts vs. anergia, 21 369 ± 7418 counts; P < 0.05). 16 Assuming a significance level of 0.05, a total sample size of 136 participants will provide 90% power to detect a clinically meaningful difference of 5000 mean activity counts collected during the most active 30 min from baseline between the sacubitril/valsartan treatment group and the enalapril group during Week 8, assuming a common standard deviation of 7400 activity counts, 16 a 20% dropout rate, and a 10% rate of participants with nonevaluable data. Furthermore, this sample size will provide 93% power to detect a 3.5-point difference in the change from baseline in mean activity value during the sleep (expressed as counts per minute) between the sacubitril/valsartan treatment group and the enalapril group during Week 8, assuming a common standard deviation of 4.9 points, a 20% dropout rate, and a 10% rate of participants with nonevaluable data. 22 
Rationale
The study design will enable assessment of changes in sequential daily physical activity, sleep efficiency, HF symptoms, and HRQoL between baseline and selected time points between patients treated with sacubitril/valsartan and patients treated with enalapril. The initial baseline week enables participants to become familiar and acclimated to the testing devices and assessment routines prior to entering the baseline phase of the study. Assessment of the primary endpoint will R.M. Khandwalla et al. most likely detect the early clinical impact of initiation of sacubitril/valsartan vs. enalapril on HRQoL.
Summation of overall participant activity will be measured and reported but will not be used as the primary endpoint to distinguish between changes during resting and active periods. An actigraphy study in HF demonstrated that more symptomatic participants generally have both a reduction in activity when active and an increase in movement when resting than do healthier participants. 16 If participants with HF spend most of their time at rest, treatment-related increases in physical activity when active may be offset by a concomitant reduction in movement when at rest. As a result, this can appear as a simple decrease in overall activity if accelerometry data are compiled and averaged over long periods. Moreover, the measurement of activity during the most active 30 min of the day will facilitate the assessment of patterns of activity rather than overall activity, which may not accurately reflect symptomatic improvement. Compared with previous studies that have used pooled actigraphy data, this study will compare data at each time point vs. baseline, with each participant acting as their own control.
Discussion
This study aims to compare the effects of initiating sacubitril/valsartan with enalapril on objective measures, during both wakefulness and sleep, for participants with HFrEF in the context of their daily lives. While randomized controlled studies, such as the Phase 3 OUTSTEP-HF trial (NCT02900378), have used actigraphy to evaluate physical activity in patients with HFrEF exposed to enalapril or sacubitril/valsartan, AWAKE-HF will be the first study to objectively assess physical activity using actigraphy data collected in the real-world setting to examine the effect of sacubitril/valsartan on HRQoL. This study will assess incremental effects on HRQoL using actigraphy and HFaST-II questionnaire data collected at intervals within 2 months of initiating therapy. Moreover, this study will provide insight into how the effect of sacubitril/valsartan varies between participants by analysing individual patient data instead of pooled data.
Actigraphy was chosen to objectively assess activity and rest in ambulatory participants in their home environments, thereby providing reliable, valid, real-world data regarding the effects of sacubitril/valsartan. Other studies have successfully employed actigraphy to assess similar endpoints. For example, in a prospective interventional study assessing the impact of treatment with celecoxib on daytime symptoms of participants with osteoarthritis, actigraphy assessment of the increase in participants' activity levels demonstrated a significant treatment effect, whereas questionnaire-based assessment of pain had a high-placebo response rate and did not meet statistical significance. 15 Another study used actigraphy to evaluate treatment-induced reduction of itchrelated sleep disruption in atopic dermatitis. 14 A study of the effect of isosorbide mononitrate on activity levels in HF and preserved ejection fraction used actigraphy to assess effects on participants' movement levels over 6 weeks. 23 Although no significant between-group difference in the 6MWT or HRQoL questionnaire results (KCCQ or Minnesota Living with Heart Failure questionnaire) was observed, actigraphy data revealed a dose-dependent trend toward lower activity levels and a statistically significant decrease in active time per day among participants in the highest-dose treatment arm.
This study is unique in its focus on the effects of sacubitril/valsartan on sleep. Although sleep disturbance or disorder is one of the most common complaints among patients with HF, there is a dearth of evidence on the impact of interventions on sleep. 24 Because treatment with sacubitril/valsartan may reduce the requirement for loop diuretic therapy in HFrEF through natriuretic and diuretic effects, 25, 26 it is postulated that sacubitril/valsartan may impact fluid volume status, thereby reducing sleep apnoea severity. Thus, this study's two-pronged approach to assess sleep using both actigraphy and at-home sleep tests will provide objective, real-world sleep data in the context of the participant's home life.
Although this study is novel in its objective measurement of clinical endpoints in the context of participants' everyday lives, limitations exist because of the technology used. The burden of training participants to use technology to objectively assess therapy at home is continuous and requires extensive site preparation to train the clinical research teams to adequately counsel and support participants.
Additional limitations will be related to study duration and patient characteristics. Given that changes in myocardial function and remodelling are typically associated with improved sleeping behaviours, 27 the limited duration of this study assesses only the effect of treatment initiation and may not be sufficient to observe longer-term positive impacts of treatment. Only participants with NYHA Class II-III HFrEF will be included, limiting generalizability of results. Despite exclusion of patients with co-morbidities that limit physical activity prior to randomization, participants may develop physical limitations post-randomization, confounding results. Similarly, variability in patients' lifestyles and home environments may impact activity levels. To control for variation between individuals, each endpoint will be measured in relation to baseline activity. Furthermore, actigraphy data may be influenced by other unforeseen factors. The endpoints chosen for this study have not yet been validated in HFrEF. The secondary endpoint and all exploratory analyses are considered supportive, and each will be tested with a type I error of 0.05. Finally, objective parameters of the severity of HFrEF, such as N-terminal pro B-type natriuretic peptide, were not included in this study. Rationale and Design of AWAKE-HF This trial may also provide guidance for future studies using digital medicine techniques and offer critical early insights into the use of actigraphy in HF trials because of its unique design. The analysis of each participant as their own control may help inform advancement of personalized medicine. Moreover, the objective assessment of physical activity using actigraphy will allow for evidence-based clinical recommendations to improve HRQoL in HF.
Conclusions
The increasing demand for real-world evidence to individualize therapeutic management of patients necessitates objective assessment of rest and activity, as well as using subjective measures. Technological advancement has made it possible to move randomized controlled clinical trials into the context of participants' everyday lives at home. This study may provide valuable insights into the impact of initiating sacubitril/valsartan treatment on subjective and objective outcomes.
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Additional supporting information may be found online in the Supporting Information section at the end of the article. 
